Deglaciation patterns of the Laurentide ice sheet in southern Québec were related to climatic and nonclimatic factors. Thinning of the ice sheet and thermolatitudinal ice retreat are directly linked to the global warming at the end of late Wisconsinan time, between 17 ka and 11 ka. However, correlations between regional deglacial events and global climatic oscillations during that period have yet to be established, except for the St. Narcisse Moraine event, which has been assigned to the Dryas III, and perhaps for the reactivation of Laurentide ice in the middle Chaudiere Valley area during an older cold event. Nonclimatic factors also played a major role on the deglaciation of the region. After the last glacial maximum, the Laurentide ice sheet began to decrease, and the St. Lawrence corridor channelized a major ice stream, the St. Lawrence ice stream, which became a major feature of the southeast sector of the ice sheet. The St. Lawrence ice stream is a flow convergence zone caused by a combination of ice dynamics and topographic factors and rapid ablation at its terminus. The head of the flow convergence migrated deeply into the Laurentide ice sheet and caused thinning of adjacent ice masses. As a consequence of this accelerated ablation, an Appalachian sector became differentiated from the main ice sheet. Regionally, the terminus of the ice stream was a calving bay that retreated along the Laurentian channel to the mouth of the Saguenay fjord. The ice stream and the deglaciated estuary generated the well-known flow reversal along much of the northern margin of the Appalachian sector. In addition to these generalized deglaciation processes, local and regional topographic features influenced the ice dynamics and the final deglaciation patterns.
INTRODUCTION
The southeastern margin of the Laurentide ice sheet covered a physiographically diverse region (Figs. 1, A, and B, and 2A) : the northern Appalachian highlands and uplands (New England, New Brunswick, Nova Scotia, Newfoundland and southern Québec), the St. Lawrence corridor (which includes the gulf and estuary of the St. Lawrence River as well as the St. Lawrence Lowland), and the deeply indented southern margin of the Laurentian highlands (Fig. 1) . This landscape promoted deglacial styles that differed substantially from region to region: while concentric thermolatitudinal retreat patterns (retreat rate depending on the distance from the center of the main ice dome, in this case the New Quebec dome [Fig. 1A] , and on insolation) predominated in New England until ca. 13 000 yr B.P. (Larson and Stone, 1982; Dyke and Prest, 1987) (Fig. 2, A-E), the ice sheet contracted into a series of partly interconnected ice divides, domes, and caps in regions surrounding the Gulf of St. Lawrence (Grant, 1989; (Fig. 2 , C-F).
These contrasting styles are further compounded by the difficulty of connecting the terrestrial-based 14 C chronology of New England's deglacial events (Ridge et al., 1999, and Ridge, this volume) with the marine-based 14 C chronology of events in southern Québec (Thompson et al., 1996 (Thompson et al., , 1999 , which raises the question of local 14 C reservoir effects in the Goldthwait and Champlain seas. Thus, in spite of its more northerly position and its proximity to the New Quebec dome, 14 C chronologies have suggested that southern Québec was deglaciated well before adjacent Maine (e.g., . However, this problem has been largely resolved as a result of a recent reassessment of the deglacial chronology in southeastern Québec (Parent and Occhietti, 1999) . Although the complexity of the regional physiography has several disadvantages, it has favored the deposition of lacustrine, glaciolacustrine, and marine sediments during ice-sheet growth and decay (Occhietti, 1990) , and this has in turn provided several opportunities for dating deglacial events directly. Given that regional deglaciation took place over a very short time interval, between about 13 500 and 10 500 yr B.P. correlations between brief, poorly dated or even undated local events must be made cautiously. Previous syntheses on the deglaciation of southern Québec include those of McDonald (1968) , Gadd et al. (1972) , Parent et al. (1985) , Chauvin et al. (1985) , Parent and Occhietti (1988) , Occhietti (1989) , and LaSalle and Chapdelaine (1990) , in addition to a broader perspective provided by Dyke and Prest (1987) . Since then, new work has expanded our regional knowledge of ice-flow data into poorly known or unknown regions. South of the St. Lawrence Valley, new information comes mainly from Blais (1989) , Plouffe (1997) , Shilts (1997) , Rappol (1993) , and Hétu (1998) ; north of the St. Lawrence River, new data and interpretations have come from Dionne (1994) , Dionne and Occhietti (1996) , Occhietti et al. (1996 Occhietti et al. ( , 1997 , Govare (1995) , Bonenfant (1993) , Gagnon (1994) , Lanoie (1995) , Bernatchez (1997), and Fournier (1998) . Unpublished research by students at the Université du Québec à Montréal in the Beauce and Charlevoix regions under the supervision of Occhietti have also made significant contributions. The need to revisit several key aspects of the deglaciation of southern Québec and to propose new relationships with adjacent regions of Atlantic Canada and northern New England arose from this body of new work.
Through integration of currently available data, the objectives of this chapter are (1) to present the overall setting and main controlling factors of the last deglaciation and to reassess its main paradigms, (2) to review the currently available 14 C dates and to establish the current limitations of the chronological framework of deglaciation, and (3) to propose a sequence and chronology of deglacial events in southern Québec, in relationship with deglacial events recorded in adjacent regions. We integrate knowledge and data drawn from our work in the middle and upper estuary of the St. Lawrence River and in adjacent regions.
METHODOLOGY
Former ice-flow patterns and stages of glacial recession in the varied regional settings are reconstructed from directional data and lithofacies observations.
Directional data from former ice flows
Ice-flow direction is primarily established from glacial striations. In the Appalachians, erosional glacial microforms (see Laverdière and Guimont, 1980; Lortie and Martineau, 1987) are abundant on fine-grained rocks, and crag-and-tail features were used to assign ice-flow directions (Lamarche, 1971; Lortie and Martineau, 1987; Parent, 1987; Shilts, 1997) . In the Laurentians, where crag and tails are scarce, other types of erosional marks must be used, such as nailhead striae, lunate fractures, and stoss and lee features. Crosscutting relationships between sets of glacial striations and clast fabric variations between till sheets give the relative chronology of ice flows. Till clast fabrics have been measured by recording the orientation and plunge of the A axis of prolate and bladed clasts, and the B axis of bladed clasts. They give significant results in the Appalachians and Laurentians and confirm ice-flow directions identified by erosional features (McDonald, 1969; Parent, 1987; Blais, 1989; Fournier, 1998) , whereas they give unclear information in the St. Lawrence Valley (Bernier and Occhietti, 1991) . Till clast lithology and matrix geochemistry were extensively applied by Shilts (1973 Shilts ( , 1981 and Parent (1987) . Till clast lithology has allowed Blais (1989) , Plouffe (1997) , and Fournier (1998) to confirm the northward ice-flow reversal in areas that are 45-70 km apart.
Using these methods of investigation, Fournier (1998) showed that the latest local ice flows or ice movements, for example, the latest local southward ice flow in the valleys of the western Charlevoix region, are recorded by ice-front fea- tures with no related glacial striae or till fabrics. This seems to be frequently the rule when stagnant ice masses remained in local or regional depressions.
Directional data from ice-marginal stratified drift
With the exception of the Saint-Narcisse Moraine, most of the moraine belts in southern Québec (Fig. 3 ) consist of discontinuous bodies of ice-contact and outwash deposits. The morphologies of eskers, outwash fans and deltas, and ice-front ridges, together with intralandform facies relationships and paleocurrent indicators, give a good idea of the position of former wasting ice masses (Parent, 1987; Blais, 1989) . Reworked beds at the top and on the sides of the ice-front accumulations may lead to misleading conclusions on the direction of paleocurrents, as explained by Chauvin et al. (1985) . 
General approach
With few exceptions, the published data have been generally considered reliable, even if the methods of investigation have varied from one study to another. The major difficulty encountered in this synthesis was to separate factual data from the attached interpretations, mainly because regional models have evolved during the past 35 yr (Table 1) in parallel with global paradigms. We used a multianalytical approach (Occhietti, 1990 ) to reassess and integrate available data. The basic rule has been that an interpretation may be considered valid when most of the data (facies, stratigraphic setting, morphology, and chronology) converge toward a common conclusion, which is coherent with the current paradigms. While preparing this synthesis, it became obvious that many of the 14 C ages were unreliable. Therefore, after a statement of the processes and the present paradigms, a critical analysis of the available 14 C ages is included (Table 2 ) before the section on the reconstruction of the sequence of deglacial events in southern Québec.
CONTROLS OF THE ICE DYNAMICS AND RECESSION OF THE SOUTHEASTERN MARGIN OF THE LAURENTIDE ICE SHEET
The mode of deglaciation of part of the southeastern margin of the Laurentide ice sheet was controlled by a series of semiindependent climatic and nonclimatic factors.
Climatic factors
Global warming after the last glacial maximum. The global warming trend that began ca. 17 ka (Fig. 4) and continued into the Bölling interval (see GRIP curve, Johnsen et al., 1992; Dansgaard et al., 1993; Grootes et al., 1993; Stuiver et al., 1995) signaled the onset of generally negative mass-balance conditions for the Laurentide ice sheet. We think that this resulted in the gradual transition from a dome-shaped ice sheet, such as the Antarctic ice sheet, to a much flatter, plateau-like ice sheet, much like modern-day Greenland ice sheet (Lliboutry, 1965) . This thinning of the ice sheet had several consequences in its marginal areas, including (1) increasing topographic control on ice-flow patterns, (2) accelerated development of ice streams, as in the Greenland ice sheet, (3) migration of ice divides and glacioisostatic loading centers, and (4) several other glaciodynamic readjustments. Although generalized thermolatitudinal ice retreat was the main deglaciation process along the southern margin of the Laurentide ice sheet, several nonclimatic factors were also involved.
Climatic fluctuations. Global climatic fluctuations during late Wisconsinan time have now been well documented through palynostratigraphic records as well as through marine and icecore records (Dansgaard et al., 1993; Bond et al., 1993; Grootes et al., 1993; Stuiver et al., 1995; Stea and Mott, 1998; Yu and Eicher, 1998) . Although these climatic events were not rigorously correlative from region to region, their overall effects on the mass balance on the eastern sector of the Laurentide ice sheet, on rates of ice-marginal retreat, or on the snow budget of peripheral domes such as the Appalachians are roughly coincident. Changes in storm-track patterns induced by these climatic fluctuations may have caused changes in snow accumulation patterns and hence on glacial outflow centers. Increased snow accumulation in peripheral regions may also explain why satellite ice caps persisted in the Appalachians after the Bölling-Alleröd interval (this hypothesis remains to be confirmed). Correlations between stages of deglaciation of the eastern Laurentide ice sheet and global climatic fluctuations have generally been difficult to establish, except perhaps the correlation between the Saint-Narcisse moraine and the Dryas III (LaSalle, 1966; LaSalle and Elson, 1975) . The persistence of tundra conditions after deglaciation in southeastern Québec (Richard, 1994a) has greatly hindered the recognition of such climatic fluctuations in palynostratigraphic records. For example, in spite of efforts by several researchers (Richard, 1977 (Richard, , 1994a (Richard, , 1994b Mott, 1977) , the Alleröd-Dryas cold episode dated as 12 570 ‫ע‬ 220 yr B.P. (Geological Survey of Canada [GSC] GSC-419) and recognized by LaSalle (1966) and Terasmae and LaSalle (1968) at Mont Saint-Hilaire could not be identified in other pollen records. That this episode occurred almost in the middle of the Champlain sea episode did not help. In this chapter we postulate that, once nonclimatic signals (e.g., the St. Lawrence ice stream or calving bay ablation) are filtered out and the long response time of the Laurentide ice sheet is taken into account (e.g., global decreasing budget of the ice sheet), most of the ice-marginal fluctuations and most of the glaciodynamic changes are actually responses to the main global climatic fluctuations. These correlations have been made Chalmers, 1898; Clark, 1937; Cooke, 1937; Lamarche, 1971 Lamarche, , 1974 McDonald, 1967 McDonald, , 1968 Shilts, 1970 Shilts, , 1981 Parent et al., 1985 Stagnant ice over the Bois Francs area Parent and Occhietti, 1988 Late Laurentide ice reactivation in the Beauce area Gadd, 1964b • After deglaciation of the Chaudiè re Valley (Highland Front Moraine System) Blais, 1989; Blais and Shilts, 1992a, 1992b • With stagnant ice in the Beauce area (Beauce event)
This chapter Evolving concept of the glacial features along the Appalachian piedmont • Highland front moraine system (informal) Gadd, 1964a • Highland Front Moraine System Gadd et al., 1972 • Subdivision in diachronous features -eskers and Sutton Moraines Prichonnet, 1984 -eskers, Ulverton-Tingwick Moraine Parent, 1987 Parent and Occhietti, 1988 -recessional diachronous features in the lower Chaudiè re Valley, described previously by Gadd, 1964a , 1978 Lee, 1962; Chauvin et al., 1985 St-Raphael Moraine (features partly described by Gadd, 1964a; Chauvin et al., 1985) This chapter Gadd, 1980 • Upstream limit of the calving bay in the St-Antonin Moraine area and model of deglaciation along the Appalachian piedmont in the upper part of the middle estuary Chauvin et al., 1985 , and see Rappol, 1989 • Converging ice toward the St. Lawrence ice stream and slow ice retreat in the middle estuary (no calving bay model) Occhietti et al., 1996 Occhietti et al., , 1997 ; this chapter -eastward and northeastward striations interpreted as the result of converging ice flow along the north shore of the middle and upper estuary Lanoie, 1995; Occhietti et al., 1996 Occhietti et al., , 1997 Fournier, 1998 -upstream migration of the convergence head of the St. Lawrence Occhietti et al., 1996 Occhietti et al., , 1997 Parent and Occhietti, 1999 -northward ice flow in the north shore of the St. Lawrence ice stream Lanoie, 1995; Fournier, 1998; Occhietti et al., 1996 Occhietti et al., , 1997 Paradis and Bolduc, 1999 -late ice in the northern part of the middle estuary Occhietti et al., 1996 Occhietti et al., , 1997 Fournier, 1998; Dionne and Occhietti, 1996 possible by new detailed studies as well as by several new 14 C dates. We are aware of the long response time of large glaciers to external forcings such as insolation or atmospheric-oceanic circulation, yet we estimate that these delayed responses are generally less than or of the same duration as the error term of 14 C conventional ages.
We postulate that in eastern North America, the marked warming of the Bölling followed by the Alleröd had several consequences: increasingly negative mass balance, ice-marginal thinning, increased rates of ice retreat, and increased meltwater flux and sedimentation in ice marginal areas. Climatic coolings, such as the Dryas I and II and intra-Alleröd cold episode (Stuiver et al., 1995; Yu and Eicher, 1998) , may be recorded by a slower ice-marginal retreat, a halt, or a readvance with corresponding changes of ice-marginal lithofacies assemblages. Correlations between regional features and global changes are based on several internally consistent and converging criteria.
Nonclimatic factors
Deglaciation of the southeastern margin of the Laurentide ice sheet was also strongly influenced by several nonclimatic, mainly topographic, factors.
Glacial context from the glacial maximum to topographically controlled deglaciation. The southeastern margin of the Laurentide ice sheet, including the Appalachian sector, the St. Lawrence corridor, and the margin of the Laurentian highlands were sufficiently far from the New Quebec dome to form an almost flat plateau during the earliest warming stages ca. 17 ka. The overall deglacial context is that of a receding ice margin with flow lines initially connected with the Labrador sector and Mott, 1977 GSC-420 11 020 ‫ע‬ 330 13 010 ‫,008ם‬ ‫058מ‬ Barnston Lake, Qué bec Mott, 1977 GSC-1289 11 000 ‫ע‬ 240 13 000 ‫,067ם‬ ‫016מ‬ Mont Sainte-Cé cile, Qué bec Gadd et al., 1972 I-8141 10 880 ‫ע‬ 160 12 920 ‫,052ם‬ ‫094מ‬ Albion, Qué bec Richard, 1977 *Calibration using DOS/Windows/NT 4 CALIB (Stuiver and Reimer, 1993; Stuiver and Brazunias, 1998; . Johnsen et al. (1992) , and Dansgaard et al. (1993) . Time scale ( 14 C yr B.P.) is mainly based on corrected ages from marine shells (d 13 C ‫ס‬ 0‰). Possible time discrepancies may be due to local reservoir effects in postglacial Champlain and Goldthwait seas and to anomalous ages from basal lacustrine sediments.
subsequently with the New Quebec dome after the differentiation of the Appalachian ice masses , and, after the deglaciation of southern Québec, of the Hudson Bay ice mass (e.g., Dyke and Prest, 1987) . Subsequent deglaciation was characterized by: (1) generalized glacial thinning, with coeval restrained glacioisostatic rebound; (2) the increasing role of subglacial topography on glacial dynamics; and (3) the local emergence of nunataks (Mount Katahdin in Maine; Caldwell et al., 1985) followed by emergence of the highlands of the Appalachian ridge (Boundary mountains; Borns and Calkin, 1977) and Monteregian hills in southern Québec (LaSalle, 1966) .
Major topographic control in the southeastern margin of the Laurentide ice sheet: The St. Lawrence corridor. Below a certain ice thickness and in conjunction with accelerated calving in the Gulf of St. Lawrence, a major northeast-trending ice stream formed within the ice sheet (Occhietti et al., , 1997 Parent and Occhietti, 1999) .
Diachronously, between ca. 17 and 14 ka (from 15 000 to 12 000 14 C yr B.P., Fig. 2 , B-F), the head of the St. Lawrence ice stream migrated 1000 km along the axis of the St. Lawrence corridor deep into the Laurentide ice sheet. This major feature of the Laurentide ice sheet was characterized by flow rates that were at least one order of magnitude higher than in adjacent ice masses, similar to present flow rates in Greenland (Lliboutry, 1965 ). This accelerated ablation regime (ice stream and iceberg calving) caused substantial thinning within the catchment area of the ice stream, particularly on the northwest flank of the Appalachian uplands (Genes et al., 1981; Lowell, 1985) and along the southern margin of the Laurentian highlands (Fournier, 1998) . Instead of the expected concentric marginal ablation pattern in the southeastern margin of the Laurentide ice sheet (concentric to the New Quebec dome), the formation of the St. Lawrence ice stream favored the progressive isolation of Appalachian ice masses in New Brunswick and northern Maine, in the Gaspé Peninsula, and in the Notre Dame Mountains of southern Québec (Fig. 2 
, B-F).
The ice-mass disequilibrium generated by the St. Lawrence ice stream strengthened the role of regional topographic control on regional glacial dynamics and increased the sensitivity of some ice margins to climatic fluctuations.
Role of regional topography in southern Québec. Mostly allochthonous ice masses over the Appalachians were progressively isolated from the New Quebec dome, at first as a result of an ice-flow reversal (Figs. 2C and 5D) and then by a marine embayment that cut them off from the main ice sheet (Fig. 2E ). This two-fold sequence of events occurred in rapid succession between 14 000 and 12 000 yr B.P., from the Gaspé Peninsula to the Bois-Francs region (Allard and Tremblay, 1981; Lebuis and David, 1977; David and Lebuis, 1985; Locat, 1977; Genes et al., 1981; Lowell, 1985; Lowell et al., , 1990 Newman et al., 1985; Rappol, 1993; Martineau and Corbeil, 1983; Chauvin et al., 1985; Dionne, 1977) (Fig. 2 , C-F). This separation, initially caused by the dynamics of the St. Lawrence ice stream, led to the formation of independent ice domes in the Gaspé Peninsula, in New Brunswick, in northern New England, and adjacent Québec (Fig.  2C ). The latter dome became increasingly autonomous as a result of recession through coastal Maine and ice flow toward the St. Lawrence at its northern margin. The eastern part of this dome remained connected with the New Brunswick dome (Rappol, 1989) , while its western part was characterized by rapid ablation and by flow convergence toward the HudsonChamplain Valley (Connally and Sirkin, 1973; Connally, 1982; Hughes et al., 1985) (Fig. 2D ). This late differentiation of the ice mass over the Appalachians was the result of topographic, glaciodynamic, and climatic factors. It is possible that higher rates of snow accumulation on the New England dome caused initially reduced rates of ablation of this disconnected Laurentide ice. However, at the height of the Bölling warm interval (ca. 12 700-12 000 yr B.P.) the overall budget must have been strongly negative. The proposed mode of deglaciation in the Appalachians is that of a low mountain ice cap, the sectors of which were differentiated on the basis of distance to Laurentide ice masses, particularly in the western sector, and according to regional topography. Hence the high ridges of the White and Notre Dame Mountains progressively and discontinuously disconnected ice masses on their northwestern flank in Québec from the inactive masses on their southeastern flank in Maine (Shilts, 1981; Genes et al., 1981; Lowell, 1985) . Three sectors can be recognized on the northwestern flank of the mountains (Fig. 3): (1) southwestern ice masses that were still connected with the main Laurentide ice sheet, (2) the Bois Francs residual ice cap, which was characterized by widespread downwasting and stagnation (Parent and Occhietti, 1988; LaSalle and Chapdelaine, 1990) , and (3) the northeastern sector, which was affected by late glacial flow toward the St. Lawrence River.
During the last deglaciation, thinning of the ice along the Appalachian piedmont favored early deglaciation and incursion of the western arm of the Goldthwait Sea between the main ice sheet and the piedmont. This mode of glacial retreat does not require the development of a calving bay across the axis of the corridor; on the contrary, it implies calving along the axis of the corridor. This mode of deglaciation came to an end when Lake Candona finally drained along the Appalachian piedmont near Plessisville-Laurierville (Figs. 1 and 6D ), allowing marine waters to enter the central St. Lawrence lowlands (Parent and Occhietti, 1988, 1999) . Further evidence for this sequence of events is provided by the occurrence of channelled gravels on the piedmont, by the absence of marine clays in that part of the piedmont, and by the presence of a northeast-trending recessional moraine ridge below the piedmont (Dubé, 1971) . The major water gap of the Chaudière Valley adds further local complications in the overall deglaciation pattern.
The southern margin of the Laurentian highlands includes the Mont Tremblant highlands, the Saint-Maurice Valley, the Parc des Laurentides highlands, and the Saguenay fjord (Fig.  1 ). This physiographic context favored faster ice-marginal retreat in areas downglacier (south) of the highlands while arcuate lobes were maintained in the two main valleys (Occhietti, 1980; Govare, 1995) . The St. Lawrence ice stream interfered with this topographic context because flow convergence toward the estuary from the eastern flank of the Parc des Laurentides highlands (Charlevoix) resulted in accelerated thinning while the ice sheet remained thick on the western flank of these highlands and in the Saint-Maurice Valley. On the north shore of the middle and upper estuary, major valleys ( Fig. 1 ) of the Saguenay , Malbaie (Poulin, 1977) , du Gouffre (Govare, 1995) , and Saint-Maurice (Occhietti, 1980) favored the persistence of late glacial lobes that readvanced locally, thus modifiying significantly the mode of deglaciation of the St. Lawrence Valley. These lobes and outlet glaciers provide a much more sensitive record of the mass balance of the Laurentide ice sheet than the ice masses in the St. Lawrence corridor.
Deglaciation patterns within the St. Lawrence corridor are poorly known, partly because many deglacial features were subsequently buried or partly buried by marine sediments or were extensively reworked during the episode. Three nonclimatic factors controlled deglacial dynamics: ablation by the ice stream, the topography along the margin of the Laurentian highlands, and glacial isostatic rebound. The northward pattern of thermolatitudinal glacial retreat implies that glacial isostatic rebound began earlier along the Appalachian piedmont than along the southern edge of the Laurentians. Glacial thinning generated by the ice stream also caused early crustal unloading along the axis of the St. Lawrence corridor and a delayed response from east to west (Dionne, 1977; Locat, 1977; Lebuis and David, 1977; Parent, 1987; Dionne, 1988; Dionne and Coll, 1995) . During cold climatic intervals, reduced rates of glacial eustatic Figure 5 (this and next two pages). Diachronous groups of oriented glacial striations in southern Québec, from unpublished data banks of Atlas du Québec (Occhietti) , Geological Survey of Canada in Québec (Parent and Bolduc), and Fournier (1998) . Glacial striae included in data banks are collected from maps, theses, memoirs, and published and unpublished reports dating back a century. rise favored the grounding of floating ice margins. This factor, which certainly played a role during the Saint-Narcisse episode (Occhietti, 1980) , has yet to be quantitatively documented.
Role of local late glacial dynamics. In nearly all regions, the latest phases of deglaciation were marked by the increased influence of local topographic effects and by changes in the physical properties of the ice masses. Local glacial dynamics became very sensitive to the migration of outflow centers and ice divides within the New Quebec dome as well as within Appalachian ice masses. Thinning at glacial margins led to the emergence of nunataks, to the progressive isolation of stagnant ice masses on parts of the highlands, to the sliding of ice masses toward valleys, and to the persistence of outlet glaciers or lobes in several valleys. The latest glacial event recorded in these valleys was the deposition of ice-contact or proglacial sediment bodies (e.g., the moraine belts in the Appalachians of southern Québec; McDonald, 1967; Shilts, 1981; Parent, 1987) . The passage of cold-based to warm-based ice conditions led to increased rates of drift deposition. In such a context, the ultimate glacial fluctuations (active or passive ice) recorded by icefrontal sediment bodies did not necessarily lead to the formation of corresponding glacial striae (e.g., in western Charlevoix; Fournier, 1998) . There are numerous examples of valleys or basins that were not filled by glaciofluvial, glaciolacustrine, or marine sediments, thus implying the persistence of local stagnant ice bodies (e.g., lakes in the River Saint-Maurice middle reaches [Occhietti, 1980] , and in the Bois Francs area). inferred that a local ice divide had already formed over Nova Scotia during the Scotian phase (18-15 ka) and that deglaciation of the Gulf of St. Lawrence began ca. 15 500 yr B.P. Regional deglaciation of the gulf was dominated by ice-shelf breaking and calving-bay dynamics, and this continued until ice margins were reactivated during the Chignecto phase, between 13 000 and 12 500 yr B.P. in Nova Scotia and in western Anticosti Island (Gratton et al., 1984; Painchaud et al., 1984) . Several 14 C dates suggest that the northern coastline of the Gaspé Peninsula was deglaciated between 13.9 and 13 ka ( Table 2) . On the north shore of the gulf, at Baie-Trinité, two series of end moraines were emplaced on the Pointe-des-Monts peninsula (Dredge, 1983; Dubois and Dionne, 1985; Vincent, 1989) . The inner moraine has an estimated age of about 9 500 yr B.P. and is at the western end of the 800-km-long Québec North Shore Moraine system (Dubois and Dionne, 1985) . Although the outer moraines at Baie-Trinité (Fig. 3 ) have yet to be dated directly, it seems reasonable to assume that they were emplaced during the preceding cold event, the Younger Dryas (10 800-10 300 yr B.P.), and may thus correlate with the Saint-Narcisse moraine, related to the Younger Dryas by LaSalle (1966) . The Baie-Trinité moraines Figure 6. (continued) indicate that the margin of the Laurentide ice sheet remained grounded until about 10 500 yr B.P. on the north shore of the gulf and lower estuary (Bernatchez, 1997) .
ST. LAWRENCE ICE STREAM AND REASSESSMENT OF THE CALVING BAY PROCESS
Although a precise chronology has yet to emerge, the coupled St. Lawrence ice stream-calving bay framework includes several phases. These have been established on the basis of many earlier contributions (e.g., Hughes et al., 1985; Grant, 1989; Occhietti, 1989; Stea and Mott, 1998) , as follows.
1. Initially (18 000-15 500 yr B.P.), the ice stream was channeled within the Laurentian trough to the edge of the continental shelf (Fig. 2, A and B) .
2. An important ice-shelf breakup event ca. 15 500 yr B.P. is recorded by a large increase of hematite-coated grains in an Atlantic core (Bond and Lotti, 1995) ; this may also signal the onset of rapid calving-bay recession within the Laurentian trough . This early convergence of ice flow from Laurentide and Appalachian sources toward the maritime estuary may explain the relatively late age of its deglaciation (Fig. 2, B and C) .
3. Between 14 000 and 13 000 yr B.P., the margin of the Laurentide ice sheet became grounded in western Anticosti Island (Gratton et al., 1984; Painchaud et al., 1984) , but must have formed an ice shelf in the deeper parts of the lower estuary as the grounding line migrated upvalley quickly (Fig. 2, D and  E) . Deglaciation of the northern coast of the Gaspé Peninsula was favored by the warming effect of the piedmont. The ice stream must have had an arcuate outer margin because rates of recession were higher on the south shore than on the north shore (Fig. 2E ). This mode of ice retreat, which continued up to the head of the Laurentian trough, just downstream from the mouth of the Saguenay fjord, explains the difference in the rate of deglaciation between the north and south shores of the estuary, as well as significant thinning of the ice cover in highlands upglacier, such as the south margin of the Laurentians (Charlevoix) and the northern margin of the Appalachians.
4. In the middle estuary, where the Laurentian trough broke into narrow submarine valleys, available data (Dionne, 1972; Chauvin et al., 1985; Rappol, 1993) suggest that (1) a late marine incursion took place ca. 12 000 yr B.P. in a sea arm along the south shore, between the Appalachian piedmont and the ice front, and (2) the ice front retreated northward while maintaining glacial streaming in deeper channels of the middle estuary, followed by stagnation (Fournier, 1998) . This model of deglaciation contrasts sharply with the previously held model of a migrating calving bay proposed by Thomas (1977) and Gadd (1980) . Ice-contact sediment bodies flanking the north side of the ice stream provide key evidence favoring the northward retreating ice-front model, including: (1) paleocurrents in a glaciofluvial fan at Saint-Tite, at the west end of Charlevoix, trend toward northwest, and (2) ice-contact sediments overlying Precambrian terrain at the foot of nearby Mont Sainte-Anne contain sedimentary clasts with a southern provenance (Fournier, 1998) .
GLACIAL FEATURES ALONG THE APPALACHIAN PIEDMONT AND NEW PARADIGMS
In his early reconnaissance work (Table 1) , Gadd (1964a Gadd ( , p. 1251 prudently introduced the concept of a " . . . highland front morainic system . . . along the north-facing flank of the Appalachian Highland of southern Quebec. . . . but this is not proposed as a formal name because stratigraphic work may show that another name, or indeed several names, may be more appropriate. . . ." In the Beauce area, he distinguished "Older Ice-Front Features . . . between St. Philémon (Dorchester County) . . . and Leeds Village between altitudes of about 900 and 1200 feet . . ." (Gadd, 1964a (Gadd, , p. 1253 . He extended the highland front morainic system from the vicinity of Mount Shefford, near Granby, to Rivière-du-Loup and included the St. Antonin Moraine of Lee (1962) . Later, according to the prevailing paradigm of that time, this system was thought as one of the most prominent positions of a northward-retreating front of the ice sheet (Gadd et al., 1972) . After the rediscovery of the northward-trending glacial striae (Chalmers, 1898; Clark, 1937) in the Thetford Mines area by Lamarche (1971 Lamarche ( , 1974 , Gadd (1978) designated the moraine and ice-front features deposited on the western side of the Chaudière Valley as the type area of the Highland Front moraine system. He included in this morphotype the deposits previously referred to as the "features older than the Highland Front morainic system." Later, in the lower St. Lawrence region, Chauvin et al. (1985) proposed to distinguish the Saint-Damien Moraine complex and the SaintJean-Port-Joli Moraine, both deposited by meltwater flowing toward north and northeast from detached Appalachian ice masses, from the classical Saint-Antonin Moraine. They also restricted the name Highland Front Moraine to a small part of the ice-front features described by Gadd (1964a) . In areas between the Chaudière Valley and the southwestern edge of the Appalachians toward the Lake Champlain Valley, detailed work has shown that the sediment bodies that had been grouped under the name of Highland Front moraine system were in fact a diachronous series of eskers and ice-contact sediment bodies (Prichonnet, 1984; Parent, 1987) . For this reason, Parent and Occhietti (1988) proposed that a new name, the Saint-Sylvestre Moraine, be applied to the moraine belt constructed across the Chaudière Valley that was previously identified by Gadd as the older part of the Highland Front moraine system.
Field data and reassessment of the published data
Previous studies cited herein provide evidence indicating that a synchronous ice front did not exist along the Appalachian piedmont and that the Highland Front moraine system concept should be abandoned, as Parent and Occhietti (1988) had concluded. The Saint-Antonin Moraine (Fig. 3) seems to be the oldest moraine feature along the piedmont and an interlobate construction (Rappol, 1993) or at least an Appalachian moraine (Dionne, 1972; Chauvin et al., 1985) . The Saint-Jean-Port-Joli, Saint-Damien (Chauvin et al., 1985) , and Ulverton-Tingwick (Parent, 1987 ) moraines refer to separate, unconnected field features (Fig. 3) . In the Beauce area, a careful analysis of the published data (Gadd, 1964b (Gadd, , 1978 Gadd et al., 1972; LaSalle et al., 1976 LaSalle et al., , 1977a LaSalle et al., , 1977b Gauthier, 1975; Chauvin et al., 1985; Lortie and Martineau, 1987; Blais and Shilts, 1989 , 1992a , 1992b and recent field work confirm the following.
1. In response to readjustments within the Laurentide ice sheet and St. Lawrence ice stream, southeastward and eastward ice flow (here called the Beauce event) was reestablished in part of the area covered by the northward-trending striae (Figs.  3, 4 , and 6A). On the eastern side of the Chaudière Valley, the limit of the Beauce event is recorded by ice-front sediments (Blais, 1989 ) and the St-Damien Moraine complex (Blais and Shilts, 1992a) .
2. Several ice-front features and fluvioglacial sediment bodies are related to several recessional stages of the ice, after the Beauce event.
3. Several features indicate northward-, southward-, eastward-, and westward-flowing meltwaters.
4. Two generations of east-southeast-and southeasttrending glacial striae can be observed (Fig. 5, A and B) . The older generation predates the northward flow event and can be observed mainly on the east side of the Chaudière Valley (Blais and Shilts, 1992b) ; the younger one postdates the northward flow event and is observed on the piedmont on each side of the valley (in Fig. 5A ). This younger ice flow is evidenced by two sets of striations; a set of striations to the southeast observed on the piedmont, on the west side of the Chaudière Valley (Fig.  5A) , and a set to the east-southeast and true east (Fig. 5, A, B , and C), observed mainly on the east side of the valley. The southeast phase indicates a strong Laurentide ice sheet ice movement; the true east phase records active ice flowing toward the estuary and is related to the last phase of the St. Lawrence ice stream.
5. In the Chaudière Valley, several features indicate a northward-retreating ice front from St-Georges to Vallée-Jonction (Blais, 1989; Blais and Shilts, 1992a, 1992b) .
This complex setting indicates that several events occurred in the same restricted area. We propose to name this Laurentide ice sheet reactivation in the Chaudière-Etchemin area the Beauce event (Fig. 6A) . We also propose to restrain the SaintSylvestre Moraine to the short moraine ridges located south of Saint-Patrice-de-Beaurivage, 4 km north of Saint-Sylvestre village (Fig. 3) . These till and ice-contact ridges were deposited at the margin of a receding ice front (Fig. 6A ). In agreement with Gadd (1978) , the Laurentide ice sheet reactivation reached a limit farther south than the Saint-Sylvestre Moraine (Figs. 3  and 6A ). This means that (1) the maximum extent of the Laurentide ice during the Beauce event is not recorded by a distinct ice-front feature on the west side of the Chaudière Valley; and (2) this vague southern limit may be due to the coalescence of reactivated Laurentide ice with inactive remnant ice masses on the Beauce area. This setting does not exclude nunataks during or shortly after the Beauce event (Fig. 6B) . On the eastern side of the Chaudière Valley, the St-Damien Moraine complex, which was previously related to an Appalachian ice-front feature (Chauvin et al., 1985) , would correspond to a complex accumulated at the Laurentide ice sheet ice front, away from the stagnant ice mass over the Notre-Dame Mountains (Fig. 6C) or with no more ice over these mountains, or to an interlobate complex between the Laurentide ice sheet reactivated ice and the Appalachian stagnant ice.
The former local Highland Front moraine system in the first original definition of Gadd (1964a) (distinct from the Older Ice-Front Features), which marks the last recessional positions of the ice front, is subdivided into two parts:
1. On the eastern side of the Chaudière Valley, discontinuous ice-front features built by southward water flow are recorded by LaSalle et al. (1977a) . We propose to name this discontinuous aligned forms between the Etchemin River and Saint-Raphael village the Saint-Raphael Moraine (Fig. 3) . Three local ice-front features located to the southwest of this alignment, on both sides of the Chaudière Valley (Scott-Jonction and Saint-Bernard), and 6 km to the west, apparently belong to this moraine.
2. Farther southwest (Fig. 3) , north and northwest of the Saint-Sylvestre Moraine, two large areas (about 10 ‫ן‬ 2.5 km) of stratified drift, respectively near the confluence of the Bé-cancour and Palmer Rivers (referred to as the stratified complex of the Bécancour-Palmer Rivers in Fig. 3) , and on both sides of the Pilkars River (east of Sainte-Agathe, referred to as the stratified complex of Ste-Agathe in Fig. 3) are not currently associated with the Saint-Raphael Moraine. In the Bécancour-Palmer drift complex, sedimentary structures indicate a water flow to the east. This complex could be a vast fan built by meltwaters flowing from the west and funneled between the Appalachian piedmont and the margin of the Laurentide ice sheet. This type of deposition is compatible with the late west to east ice flow indicated by ice striations and with a water body ponded between the ice-sheet front and the Appalachian piedmont. This water body was inferred by Blais (1989) from stratified silts and rhythmites (observed also locally by Gadd, 1978) and subaqueous outwash deposits. The extent and water level of this Chaudière-Etchemin glacial lake have changed from the beginning to the late phase of the Beauce event.
The Saint-Raphael Moraine is the latest stage of damming the Chaudière and Etchemin Valleys, before the opening to the marine waters (Fig. 6D) . The absence of clayey till and/or shelly till in the area precludes a glacial readvance after a marine invasion in the Québec City area (Blais, 1989) . The relative level of the Chaudière-Etchemin lake was at about 200 m above sea level when the Vallée-Jonction delta and the Bécancour-Palmer drift complex were built.
CRITICAL ANALYSIS OF 14 C AGES
In southern Québec, because the ice front was commonly in contact with marine water, deglacial events can be dated directly. Datable fossil material (Table 2 ) has been obtained from diamictons associated with moraine complexes, marine sediments, peat, and gyttja in early deglaciated areas. Nevertheless, the rising eustatic level associated with the rapid glacioisostatic rebound left few traces (e.g., paleoshorelines) on the shores of the middle estuary downstream from the Chaudière Valley and along the Bois Francs piedmont.
Comparison of nonnormalized, normalized, and calibrated dates
The 14 C dates published by different laboratories are directly comparable when these dates are measured from terrestrial vegetal matter (wood, peat, gyttja). For fossil marine carbonate, the Geological Survey of Canada (GSC) laboratory has published 14 C ages normalized to d 13 C ‫ס‬ 0‰. From a chronologic point of view in 14 C yr B.P., these dates are directly comparable to conventional radiocarbon dates derived from vegetal matter. However, almost all other laboratories publish shell dates normalized to d 13 C ‫ס‬ ‫‰52מ‬ (according to conventions stipulated in Stuiver and Polach [1977] for reporting 14 C dates), and consequently, the reservoir effect correction gives 14 C ages that are 410 yr older with respect to ages from terrestrial plant material. More recently, in order to be consistent with the reporting procedures of most of the other laboratories, the GSC Laboratory has added a normalized age (d 13 C ‫ס‬ ‫)‰52מ‬ to its published shell dates, and has undertaken to update its existing shell date database, using d 13 C measurements when available. Usually, when d 13 C ratios are not available, a d 13 C value ‫ס‬ 0‰ is ascribed to the dated shells by the laboratories, because the 13 C/ 12 C ratio for marine shells of Goldthwait and Champlain seas varies within a limited range of about d 13 C ‫ס‬ 0‰ ‫ע‬ 2‰ (Hillaire-Marcel, 1981) . For these reasons, in Table 2 , we have indicated the 14 C corrected dates with d 13 C ‫ס‬ 0‰ from measured or estimated values, the published or calculated ages normalized to d 13 C ‫ס‬ ‫‰52מ‬ from measured or estimated values and the calibrated ages using the CALIB 4.0 program (Stuiver and Reimer, 1993; .
Specific setting of the postglacial Champlain and Goldthwait seas
Retreat of the glacial front in the marine basin, stratification of the water column, variation in meltwater flux, gradual glacioisostatic regression of the Champlain and Goldthwait seas, and large carbonate outcrops (a source of dead carbon) caused the isotopic composition of marine shells to vary spatially and temporally (Hillaire-Marcel, 1981; Rodrigues and Vilks, 1994) . These uncertainties in estimating the exact reservoir effect in postglacial seas explain some old ages of marine shells that are at odds with other geological data. Furthermore, global marine reservoir ages get apparently older for Younger Dryas (700 yr instead of 400 yr; Austin et al., 1995) . Nevertheless, all these uncertainties do not explain the important discrepancies between the ages of different laboratories, as shown by redating some units in Table 2 . It seems that published ages by the GSC, TO (Toronto), and Beta laboratories are more consistent with other past results.
Timing of deglacial events in southern Québec
Because appropriate local marine 14 C reservoir corrections have yet to be established for the postglacial seas, the estimated ages for deglacial events in southern Québec cannot be firmly established. In the absence of local marine 14 C reservoir corrections for the Champlain and Goldthwait seas, the ages used in this chapter are 14 C ages of vegetal matter (d 13 C ‫ס‬ ‫)‰52מ‬ and corrected ages of marine shells (d 13 C ‫ס‬ 0‰), keeping in mind that the ages of postglacial marine shells might be 200-700 yr too old. In order to give an idea of the real time framework (Lowell and Teller, 1994) , the sequence of events of the studied area is also referred to calibrated years B.P. in Figure 4 and Table 2 .
On the northern shore of Gaspésie, available 14 C ages for early marine faunas form a group of 12 500 to 13 200 yr B.P. corrected ages (i.e., 12 900 to 13 600 conventional ages) which seem reliable (cf. references in Table 2 ).
In the Rimouski area, the oldest age from the GSC laboratory, 13 900 yr B.P. (GSC-4698; Rappol, 1993) , seems at odds with the other ages. It seems that there were two episodes of marine incursion: (1) an older one ca. 13 000 yr B.P., related to the marine invasion of the northern shore of Gaspésie (Luceville ice front; Hétu, 1998) and (2) a younger one, ca. 12 700-12 400 yr B.P. (Neigette readvance of the Appalachian ice; Hétu, 1998) .
In the Trois-Pistoles-Rivière-du-Loup area, early marine incursion, dated as 12 700 yr B.P. (Lee, 1963) , may have been followed by a glacial readvance ca. 11 900 yr B.P. (Rappol, 1993) .
In the Bas du Fleuve area, between Rivière-du-Loup and the Chaudière Valley, there are surprisingly no dates older than 11 000 yr B.P. (Table 2 ; Dionne and Occhietti, 1996) , whereas the cluster of 12 000-11 500 yr B.P. ages upstream from this area (Parent and Occhietti, 1999) , along the Appalachian piedmont, is distinctly older.
In the Québec City area, one age, from Charlesbourg, is older than the 12 000 yr B.P. (12 400 ‫ע‬ 160 yr B.P., GSC-1533; LaSalle et al., 1977b ) from a marine unit on a carbonate bedrock. The age of the Saint-Henri marine shells is revised to 10 670 ‫ע‬ 70 yr B.P. (Beta-115870; Table 2 ). On the northern shore of the estuary, there are a few ages slightly older than 11 000 yr B.P. in the Saguenay area , and in the Québec City area (LaSalle and Shilts, 1993) .
The crucial age in southern Québec is the age of the beginning of the Champlain Sea invasion in the St. Lawrence Valley, ca. 12 000 yr B.P. (Parent and Occhietti, 1988) . Given this estimated age and the 103 yr varve record at the Rivière Landry stratotype (Danville Varves; Parent, 1987; Parent and Occhietti, 1999) , and because postglacial Lake Candona (Parent and Occhietti, 1988 ; St. Lawrence Lake of Rodrigues, 1992 ; see discussion in Parent and Occhietti, 1999) drained when the ice front had retreated about 20 km northwest of this site, the estimated minimum rate of ice retreat is about 200 m/yr. The age of the Ulverton-Tingwick Moraine, which is 5 km southeast of the Rivière Landry site, may be estimated at 12 100 yr B.P. (Parent and Occhietti, 1999) . The age of the earlier moraine belts may also be inferred on the basis of a retreat rate of 200 m/yr. The maximum age of the Dixville Moraine, which is 80 km southeast of the Ulverton-Tingwick Moraine, may thus be estimated as ca. 12 500 yr B.P. Applying the same procedure yields an approximate age of 12 200 yr B.P. for the Mont Ham Moraine, 12 325 yr B.P. for the Cherry River-East-AngusMegantic Moraine, and between 12 600 and 12 550 yr B.P for the Frontier Moraine (Parent and Occhietti, 1999) .
Local marine reservoir effects may explain the discrepancies between the southern Québec chronology and the chronology of deglacial features in adjacent northern New England. The marine-based age of 12 500 yr B.P. for the Dixville Moraine is close to the ages assigned to the Bethlehem Moraine (12 400 yr B.P.; Thompson et al., 1996 Thompson et al., , 1999 and the Success Moraine (Gerath et al., 1985) on the basis of terrestrial dates. If a rate of ice retreat of about 200 m/yr was applied to the 80 km distance separating the Dixville and Bethleem moraines, the offset between the two chronologies would be on the order of 400-500 yr, which gives us an indication of what the local marine reservoir might be. Nevertheless, the downwasting of the Appalachian ice masses over the White Mountains occurred in a very short time at the beginning of the Bölling warm phase and the time span between the two moraines is not easy to evaluate. Moreover, the 14 C ages from basal organic beds of lakes are not reliable Ridge et al., 1999) and are minimum ages. Therefore, estimating the local marine reservoir effect of the early phase of Champlain and Goldthwait seas requires further investigation, and the estimated ages of the moraine belts in southern Québec are probably too old by ca. 400-500 yr.
At present, the application of a standard marine reservoir correction reduces the time gap between the inferred age of deglaciation and establishes the time of the onset of organic deposition in lakes and ponds of southeastern Québec and near Maine uplands, ca. 11 140 ‫ע‬ 120 yr B.P. (TO-6330).
SEQUENCE OF DEGLACIATION EVENTS IN SOUTHERN QUÉ BEC

Events recorded downstream from the mouth of the Saguenay River
Late Wisconsinan glacial maximum ca. 20-18 ka. From glacial striations and other directional data, the ice flowed toward the south sector during the last glacial maximum, with a southeast flow in the eastern areas (Charlevoix, Bas du Fleuve, Beauce areas) and a southwest flow in the western areas (upper St. Lawrence Valley) (Figs. 2A, 4 , and 5A).
Early distal stage of the ice current in the St. Lawrence corridor (16 500-15 300 yr B.P.) During this period, the Gulf of St. Lawrence remained completely covered by either grounded ice or by an ice shelf. There is no direct regional evidence of the early phase of the St. Lawrence ice stream. According to , a major ice shelf breaking is recorded in the Gulf of St. Lawrence ca. 15 300 yr B.P. From the ice-front position recorded on Anticosti Island (Gratton et al., 1984) , we think that the St. Lawrence ice stream was one of the major ice-drainage features of the Laurentide ice sheet before the shelf breaking, at least in the lower part of the St. Lawrence estuary (Fig. 2B) . The ice in the gulf was allochthonous, fed by ice from the adjacent and upstream areas.
Accelerated ablation phase related to the St. Lawrence ice stream and to the global warming phase between 15 500 and 14 000 yr B.P. The following period is characterized by a global warming trend that was interrupted by cold phases (Fig.  4) . Between 15 300 and 14 000 yr B.P. connected ice domes over Nova Scotia and probably over New Brunswick (Rampton et al., 1984) became increasingly independent from the Laurentide ice sheet, and glacial ablation was accelerated by ice funneling into major valleys (Fig. 2, C and  D) . This trend toward ice-cap isolation and ice funneling also occurred in southern Québec, as a result of the overall thinning of the southeast margin of the ice sheet. We infer that the ice stream was most efficient in the lower and middle estuary after the ice shelf breaking (15 300 yr B.P.) and before the major ice readvance over the western part of Anticosti Island, ca. 13 500 yr B.P. (Painchaud et al., 1984; Gratton et al., 1984) . This means that the accelerated thinning process over the northern side of the Appalachians and the southern side of the Laurentians (Occhietti et al., , 1997 occurred before 14 000 yr B.P. (Fig. 2D) .
Cold event between 13 800 and 13 500 yr B.P. The GRIP core from Greenland records two cold phases, between 13 800 and 12 500 yr B.P. , separated by a warming phase. In the lower estuary, fluctuations of the Laurentide ice sheet margin are recorded on Anticosti Island. Gratton et al. (1984, p. 238) wrote (translated from French): " . . . after (28 000 yr B.P.), ice is thinning on the intervales and a glaciomarine material is sedimented. . . . In the main valleys, abundant melt waters bring fluvioglacial deposits in the regressive sea, as low as the present sea level. Then, a minor local icereadvance occurs, followed by a retreat with resulting deposition of interstratified till and fluvioglacial deposits. This oscillation is followed by a major readvance of the ice over all the land, which lays down (a) typical pale brown till. . . . The readvance is synchronous to a second marine invasion, the ice is grounded everywhere but below 20 m. An intense calving at the ice front limited the extent of the ice sheet. Below 20 m, in the main valleys, a glaciomarine sediment is deposited, . . . . circa 13 500 yr B.P . . . The base of (the Goldthwait Sea) sequence of deep water (sediments) is dated at 13 000 yr B.P." From these data, the Anticosti readvance (first Anticosti readvance in Fig. 4 ) seems to be related to the pre-13 500 yr B.P. cold phase. Painchaud et al. (1984) and Gratton et al. (1984) documented the Anticostian readvance (second Anticosti readvance in Fig. 4 ) as 12 000 yr B.P. and related it to a "glacio-dynamic readjustement of the ice sheet." No fluctuations of the Laurentide ice sheet margin associated with the 13 000-12 500 yr B.P. cold phase (the Chignecto phase in Nova Scotia) are recorded on Anticosti Island, either the ages of the two events (Anticosti major first readvance and Chignecto phase) are questionable, or the response of the ice masses in the southeast margin of the ice sheet to the global cold fluctuations are not widely extended.
The warm event between 13 500 and 13 100 yr B.P. The upstream extent of the postglacial sea along the Appalachian coast of the lower estuary (from the Gaspé Peninsula to the opposite side of the Saguenay mouth) occurred before or by 13 000 yr B.P. as documented by several 14 C ages (Table 2 , references). At that time, southern Québec was still glaciated (Fig. 2E) .
Cold event between 13 000 and 12 500 yr B.P. related to the Chignecto phase in Nova Scotia and dynamics of the Appalachian ice masses. In the Atlantic provinces, the ice flow phase 4 or Chignecto phase records a glaciodynamic event that occurred between 13 200 and 12 500 yr B.P. (Fig. 2E) and is correlated to the Port Huron event in the Great Lakes area . At that stage, the dome over Nova Scotia and the Magdalen Shelf started to dismantle into several interconnected but radially flowing ice masses. During or at the end of the Chignecto phase, the Baie des Chaleurs reentrant was deglaciated, and the ice masses over New Brunswick and the Gaspé Peninsula, still partly connected, had distinct ice dynamics. Deglaciation of southern Québec began.
Sequence of late glacial and deglaciation events in southern Québec
Convergence of the ice toward the St. Lawrence ice stream and accelerated ablation. Because of the invasion of the western arm of Goldthwait Sea into the head of the lower estuary as early as 13 000 yr B.P. it must be assumed that most of the effects of the ice stream had already been felt upstream on the eastern side of the Parc des Laurentides highlands (Charlevoix) and the northern side of the Appalachians. The flow convergence of the ice stream and the Appalachian ice mass migrated from the gulf to the upper estuary in several thousand years, probably from 16 500 to 13 000 yr B.P. This progressive convergence is documented by glacial striae toward the southeast (Fig. 5B ) and later to the east in the Charlevoix and Québec City area (Fig. 5C ) and by northward striae along the Appalachian side from Rimouski to the Bois Francs area (northeast sector of Fig. 5D ). As early as the Scotian phase, between ca. 19 and 17 ka, ice began to funnel along major bedrock valleys in the Maritime provinces .
Phase of thin ice in the St. Lawrence Valley and middle estuary. This phase is inferred from the following episode of northward ice flow extending from the Beauce area as far north as an area located on the Canadian shield in the Saint-Tite basin (western Charlevoix; Occhietti et al., 1996 Occhietti et al., , 1997 Fournier, 1998) and the Québec City (Paradis and Bolduc, 1999) areas. The phase of thin ice is the result of a major regional ablation by funneling of the ice, and of a dominant warming trend during and after the Scotian phase. We tentatively give an age of 14 000-13 900 yr B.P. to the end of this ice dynamics episode, when the ice reached its lowest thickness. Striations to the east in Charlevoix and in the Québec City area (north area of Fig. 5C ), northward striations along the Appalachian piedmont, and a few northeast striations on the southern shore of the middle estuary (Dionne, 1972 , and this chapter) are related to this episode.
Major northward Appalachian ice-flow reversal. This late glacial reversal is well documented by striations and rat-tails in the Beauce area (Fig. 5D ) and in the eastern part of the southern Appalachians of Québec (Lamarche, 1971 (Lamarche, , 1974 Lortie and Martineau, 1987; Rappol, 1993) . This reversal was a powerful event because it caused a northward ice flow (Fig. 5D ) in the small Saint-Tite basin, in western Charlevoix (Fig. 1) . There, northward striations on the bedrock surface and till fabrics and sedimentary clasts in the upper till deposited over the Precambrian bedrock indicate that the ice flowing downstream into the estuary was pushed in the small basin and was thrust over the Ligori Ridge, which is the outer edge of the Laurentians (Fournier, 1998; Fig. 3) . The local Ligori Ridge event is documented by crosscutting northeastward striations over eastward striations (Lanoie, 1995; Fournier, 1998) . In the Beauce area, the northward glacial striations are observed almost as far south as the Québec-Maine boundary (Shilts, 1981;  Fig. 5D ). The Quebec Ice Divide (Fig. 2D ) was defined by Shilts (1981) and is the equivalent to the late phase of the moving North Maine Ice Divide (Fig. 2C ) defined later by Lowell and Kite (1986) and . Westward striations mapped by Lortie and Martineau (1987) mark the western limit of the reversal zone. The strong Appalachian reversal is considered as a major event that followed the slower northward convergence of the previous phase. It seems to have been a reequilibration event of the Appalachian ice masses. The ice over southern Québec and northern Maine flowed toward thinner ice in the middle and upper estuary. This event is pre-Bölling in age and happened after the warmer phase that ended by 13 900 yr B.P. (Fig. 4) . A tentative 13 800-12 900 yr B.P. age bracket is proposed, and the event could be more or less coeval of the Anticosti Island phase or the Chignecto phase. Heavy snow falls on the Maine-New Hampshire-southern Québec ice mass might have amplified the strength of the reversal, reinforcing the St. Lawrence ice stream in the middle estuary.
Reequilibration of the Maine-New Hampshire and southern Québec ice mass and strong ice stream in the middle estuary. Blais (1989) and Shilts (1997) identified northeastward striations in the upper part of the middle Chaudière Valley (Fig.  5E ) that are younger than the major northward striae. These are related to ice flowing from a high over the upper Chaudière-Thetford Mines area or from a source farther southwest. This event indicates a strong ice current in the St. Lawrence middle estuary documented by north-northeast to northeast striations (Fig. 5E ) in the Bois Francs, the Appalachian piedmont east of the Chaudière River and upper Etchemin areas, over the Precambrian bedrock of Ligori Ridge, and throughout the islands and the southern coast of the middle estuary (Dionne, 1972, and this chapter) . In the inland of western and central Charlevoix, eastward glacial striae (Charlevoix area in Fig. 5C ) record the convergence toward the estuary and the ice stream (Lanoie, 1995; Fournier, 1998) . This ice-dynamics episode indicates an unstable ice mass in the southwest, over the Sherbrooke area or farther southwest over the Montreal-lower Lake Champlain lowlands. This event precludes early marine invasion in the St. Lawrence Valley and middle estuary and discredits the validity of the old 14 C ages on marine shells from the Ottawa Valley (12 700 ‫ע‬ 100 yr B.P., GSC-2151, revised to 12 180 ‫ע‬ 90 yr B.P., TO-245; see Table 4 .12 and discussion in Occhietti, 1989, p. 376) . Despite the lack of direct dating, this event is likely correlative to the Port Huron Stade in southern Ontario and the Chignecto phase in the Maritime provinces. The most probable age bracket is 13 200-12 700 yr B.P. and we propose to correlate this event to the Oldest Dryas (Dryas I) of Europe. This event caused a rapid thinning of the ice over the Bois Francs and upper Beauce area.
Local ice flow in the middle Chaudière area. Late striations toward the north-northwest (Fig. 5E) are observed in the Chaudière Valley and laterally as far as 20 km on each side of this valley (Blais and Shilts, 1992a, 1992b; Shilts, 1997) . Funneled ice from the upper Beauce indicates a reequilibration and accelerated thinning of the related Appalachians ice masses. The ice was still active enough to leave erosional marks on the bedrock. This short transitional episode is probably coeval with a general thinning of the ice in the St. Lawrence Valley, after the inland progression of the head of convergence of the ice stream as far as the border of the Saint-Maurice basin (Parent and Occhietti, 1999) . It marks the beginning of the dismantlement of the ice masses over the White Mountains Range.
Rapid disintegration of the southern Québec Appalachian ice masses during the Bölling phase. At the start of the final deglaciation, the southern Appalachian ice masses in Qué-bec were in three different settings. These settings (Fig. 6A) are inferred from the episodes of deglaciation that followed. The western side of the Appalachian ice mass was connected to the Hudson-Lake Champlain lobe of the Laurentide ice sheet. The central part was the termination of the Saint-Maurice lobe, which remained connected to and was fed by the ice sheet. The eastern part, from the Bois Francs to the Bas du Fleuve area (downstream to the vicinity of Rivière du Loup) was passively connected to but not fed by the ice sheet. The thinned ice over this area became stagnant and melted rapidly. The different recessional morainic belts in the southern Appalachians of Qué-bec (Fig. 3) were mainly described by McDonald (1966 McDonald ( , 1967 McDonald ( , 1968 McDonald ( , 1969 , Shilts (1970 Shilts ( , 1981 , Prichonnet (1984) , and Parent (1987) (see syntheses in Parent and Occhietti, 1988, 1999) .
The Frontier Moraine (Shilts, 1981) (Figs. 3 and 6A ), phase a, provides evidence for the early shrinkage of the ice masses over the White Mountains. To the north, it marks the terminus of the Laurentide ice sheet. To the south, stagnant ice masses must have persisted in the local depressions, much as described by Dorion (1998) in the adjacent uplands of northwestern Maine.
Phase b is the recession of the ice front from the south to the north, evidenced by the Dixville-Ditchfield moraine belt. These ice-front features (Figs. 3 and 6A ) are transverse to the southwest-northeast structural trend of the Appalachians. Their outline is strongly lobate and influenced by the topography, lobes often existing in the valleys and reentrants on adjacent uplands. A large lobe occupied the Lake Champlain basin. The moraine belt disappears eastward in the White Mountains of northwestern Maine, where the ice was probably stagnant.
The ice front of the Sutton-Cherry River-East Angus-Megantic moraine belt and the Beauce event, phase c, was strongly lobate due to strong topographic influence (Fig. 6A) , which indicates that ice-marginal slopes were fairly gentle. The Beauce event is tentatively considered a temporal equivalent of the Sutton-Cherry River-East-Angus-Megantic moraine belt. The beginning of the event could be related to ice readvances identified on the Appalachian ice front in the Bas du Fleuve (Rappol, 1993) and in the Rimouski area (Rappol, 1993; Hétu, 1998) , where the Neigette readvance is dated as 12 400 yr B.P. (marine shells). The Beauce event is related to a drastic change in the Laurentide ice sheet budget and/or to a significant glaciodynamic reequilibration of the New Quebec ice dome. We tentatively suggest a relation with the intra-Bölling cold event, ca. 12 400 yr B.P., or with the Dryas II cold event.
Strong lobation of the ice front during phase d, including the Mont Ham and Saint-Ludger moraines (Fig. 6B ) and the earlier phase supports the hypothesis that a nearly stagnant ice mass had already been isolated over the Bois Francs, upper and middle Chaudière Valley and the upper ridge (Notre-Dame Mountains) of the Bas du Fleuve region. Nunataks had probably formed in the Notre-Dame Mountains.
During the short phase of complex ice retreat phase e, 100-200 yr in duration, the remaining ice masses over the southern Appalachians of Québec were dismantled from the south to the north, with probably some local remnant stagnant ice masses in the Bois Francs area. In the southwest part, the ice front remained connected to the Montreal-Lake Champlain and Saint-Maurice lobes and remained active while receding between the time of deposition of the Mont Ham and UlvertonTingwick moraines (Fig. 6C ). In the central part, the Bois Francs residual ice mass (Parent and Occhietti, 1988) remained passively connected to the Laurentide ice sheet until a few centuries before the opening of Champlain Sea. In the Chaudière Valley and the Bas du Fleuve areas, the ice masses became progressively disconnected from the ice sheet and from other residual ice masses over the northwestern plateau of Maine. A buttonhole (an elongated deglaciated zone between the stagnant ice over the Appalachians and the active ice in the St. Lawrence corridor) on the Appalachian piedmont opened in the lower middle Chaudière and Etchemin Valleys and was filled in by lacustrine water, as evidenced by glaciofluvial outwash deposits with a northward depositional direction at an elevation of 370 m above sea level (Blais, 1989) .
According to Parent and Occhietti (1999) , phases a-e occurred during a short time span, roughly between 12 550 and 12 150 yr B.P., i.e., during the Bölling warm phase. During this period of time, the Laurentide ice sheet over the southern and eastern sides of the Parc des Laurentides highlands (the Quebec City and western and central Charlevoix areas) became thinner. As evidenced by the rapid deglaciation that followed, the global warming climatic trend of the Allerod did not allow the New Quebec dome to rebuild the ice masses over areas formerly subjected to the rapid ablation and thinning due to the convergence toward the ice stream.
Phase f comprises the ultimate Ulverton-Tingwick ice front and recession stage of the Beauce event. The age of the Ulverton-Tingwick ice-front episode (Fig. 6C) can be established.
From the number of glacial varves at the Rivière Landry section (Parent, 1987; Parent and Occhietti, 1999) , the ice front receded from the Ulverton-Tingwick position more than 120 yr prior to the opening, ca. 12 000 yr B.P., of the St. Lawrence Valley to marine waters. In the Beauce area, we tentatively relate the Saint-Sylvestre Moraine to this episode. The age of 12 150 yr B.P. dates the end of the presence of Laurentide ice over the southwestern Appalachians. Glacial Lake Candona inundated the deglaciated lowlands of the St. Lawrence Valley and valleys in the Appalachians (Parent and Occhietti, 1988) .
Phase g is the rapid deglaciation along the Appalachian piedmont, south of the middle estuary. Along the northeastern Appalachian piedmont, the ultimate episode of Laurentide ice retreat is the Saint-Raphael Moraine (Fig. 6D) . After the retreat from this ice-front position, the western arm of Goldthwait Sea extended rapidly along the southern shore of the middle estuary of St. Lawrence up to the lacustrine buttonhole of the Chaudière-Etchemin Rivers. The Bécancour-Palmer stratified drift accumulation could be related to this phase. The deglaciated reentrant between the Appalachian piedmont and the retreating Laurentide ice sheet margin extended rapidly upstream up to the Bois Francs piedmont, where the ice-sheet front still abutted against the piedmont (Fig. 6D) .
Phase h is the Champlain Sea invasion. The Saint-Maurice lobe remained active while some residual ice may have persisted on the Bois Francs plateau, in the Chaudière Valley, and in the northern side of the middle estuary. Then, from field evidence in the Plessisville-Laurierville area and the Rivière Landry section (Parent, 1987) , the opening of the St. Lawrence Valley, upstream from Quebec City, to the marine waters occurred in several short steps:
(1) thinning of the Laurentide ice sheet ice front along the piedmont between Victoriaville and Laurierville, by the inferred piedmont thermal effect; (2) overflow of the lacustrine waters of lake Candona through a spillway inset into the ice and parallel to the piedmont; (3) phase of mixing fresh and marine waters, as recorded by the transitional unit in the Rivière Landry section (Parent and Occhietti, 1999) ; and (4) full marine invasion in the St. Lawrence Valley with an active and grounded Laurentide ice front retreating northward, as recorded by a moraine parallel to the piedmont in the Laurierville area (Dubé, 1971) . The age of the marine incursion is close to 12 000 yr B.P.
The deglaciation events between the beginning of the Champlain Sea invasion and the Saint-Narcisse Moraine event (ca. 10 800-10 400 yr B.P.) are poorly known. Some events are locally identified in the Saint-Nicolas area (LaSalle and Shilts, 1993) , in the lower Chaudière Valley (LaSalle et al., 1977b) , in the lower Saint-Maurice Valley (Occhietti, 1980; Parent and Occhietti, 1988) , in the Quebec City area (LaSalle et al., 1972) , and in the Charlevoix area (Hardy, 1970; Rondot, 1974; Govare, 1995; Dionne and Occhietti, 1996; Fournier, 1998) . A tentative overview would be premature due to the lack of data.
The age and significance of the Saint-Narcisse episode are being reassessed by one of us (Occhietti) . Moraine ice-front features that are younger than the Saint-Narcisse Moraine have been identified in the Charlevoix area (Govare, 1995) , in the Parc des Laurentides highlands (Bolduc, 1995) , and in the SaintMaurice basin (Occhietti, 1980) , informally named the MarsBatiscan moraine.
CONCLUSION
Within the general context of the increasingly negative mass balance of the Laurentide ice sheet during late Wisconsinan warming, the deglaciation of southern Québec was preceded by extensive thinning generated by the St. Lawrence ice stream. Before the shelf breakup phase, ca. 15 500 yr B.P. in the Gulf of St. Lawrence, ice from a large area within the Laurentide ice sheet was redirected toward the Laurentian trough. The head of the catchment area of the ice stream migrated 1000 km toward the inner ice sheet, while its terminus became a calving bay. This calving bay in turn began migrating rapidly within the southeastern margin of the Laurentide ice sheet. The retreating terminus remained grounded along the north shore of the Gulf of St. Lawrence, notably on Anticosti Island, while the margin of the Appalachians along the Gaspé Peninsula was deglaciated. This glacial streaming and calving process explains the gradual isolation of Appalachian ice masses from the Gaspé Peninsula to the Chaudière Valley. These ice masses remained initially coalescent with the ice stream, but became gradually detached along the northern margin of the Appalachians.
The deglaciated reentrant was invaded by an early arm of the Goldthwait Sea ca. 13 200-12 500 yr B.P. (corrected ages with d 13 C ‫ס‬ 0‰, i.e., 13 600-12 900 yr B.P. conventional ages) along the north shore of the Gaspé Peninsula and reached the vicinity of Rivière-du-Loup ca. 12 700 yr B.P. The ice stream also caused the ice-flow reversal in the northern Appalachians, from the Gaspé Peninsula to the Chaudière Valley. The southernmost limit of the striae generated by the flow reversal is known as the Quebec Ice Divide. The flow reversal caused by the disequilibrium within Appalachian ice masses was coeval with the northward ice-flow reorientation that was recently recognized in the Charlevoix and Quebec City regions. It is possible that this disequilibrium was strengthened by a climatic fluctuation that favored higher rates of snow accumulation on Appalachian ice masses. At about the same time, the HudsonChamplain lobe and the western part of the Appalachian ice masses remained actively connected with the Laurentide ice sheet.
The northward flow event in the Appalachians was apparently followed by an eastward readjustment in part of the St. Lawrence Valley and adjacent Beauce. This succession of late glacial reorientations is not compatible with an early marine incursion in the middle estuary and Quebec City region.
It was only after these events that the deglaciation of southern Québec began, at the beginning of the Alleröd, ca. 12 700 yr B.P. in the Rivière-du-Loup area and ca. 12 550 yr B.P. in the New Hampshire-Maine-Québec border area. Appalachian ice masses receded within a period of less than 700 yr, with regionally distinct styles. Deglaciation of the Hudson-Champlain lobe and southwestern Québec Appalachians, which had remained connected with the main ice sheet, was characterized by the deposition of a series of mainly recessional morainic belts from the southeast to the northwest. In southern Québec, these belts are the Frontier, Dixville-Ditchfield, Cherry RiverEast Angus-Megantic, Mont Ham, and Ulverton-Tingwick moraines, which were deposited within a time period of ca. 400 yr. In the central Bois-Francs uplands, in the Beauce region and in the Notre-Dame Mountains, residual ice masses became stagnant and downwasted gradually. On the Appalachian piedmont in the region of Chaudière and Etchemin Valleys, where Appalachian ice masses had thinned out considerably, a phase of glaciodynamic reactivation within the coalescent Laurentide ice took place. This event, which we call the Beauce event, caused the reorientation of ice-flow patterns toward the east-southeast in parts of the area that had been previously affected by the northward ice flow. Because the Appalachian and Laurentide ice masses had remained coalescent prior to and during this readjustment, the southern margin cannot be identified on the west side of the Chaudière Valley; on the east side, the StDamien Moraine complex seems to have been built at the Laurentide ice sheet ice front and close to the Appalachian stagnant ice. The glacial retreat that followed in the Chaudière Valley and adjacent regions was characterized mostly by a southeast to northwest retreating ice front, the deposition of the SaintSylvestre Moraine, the subaquatic outwash at Vallée-Jonction, and then by the Saint-Raphael Moraine. A short-lived glacial lake, contemporaneous with Lake Candona to the west, was dammed by the retreating ice margin in the Chaudière and Etchemin Valleys. The incursion of marine waters along the Appalachian piedmont between Rivière-du-Loup and the BoisFrancs region seems to have been extremely rapid. It took place not earlier than 12 000 yr B.P. (from 14 C ages of marine shells), probably ca. 11 500 yr B.P. (in 14 C ages of nonmarine material), and was preceded by the drainage of Lake Candona along the Appalachian piedmont. The margin of the Laurentide ice sheet subsequently retreated from south to north, with an ice margin extending nearly parallel to the axis of the St. Lawrence corridor.
